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Highlights:

   This week we concentrated on our initial high power lasing at 1.1 microns and the associated quantification of the absorption losses in these optics. We established cw lasing at the 1kW level. With this power we could look at lasing efficiencies (up to 1.2 kW/mA), the optical quality of the optics under high power loading conditions (figure control looks good), and the total optical absorption in the optics.  Since we are using a 3.3% outcoupler in this optics set, the intracavity power incident on the optics is more than 30 kW when we are outcoupling 1 kW.    

   The specified optical absorption limit for these optics which we provided to our suppliers is 50ppm. Our preliminary look at the high reflector (HR) yields a measurement (<50ppm ) which meets spec; however, our measurement of the outcoupler (460ppm) is considerably outside our specification. We are doing additional calorimetry measurements today to confirm these numbers. Calorimetry measurements on our current high power 1.6 micron optic showed 200ppm for the OC and 500ppm for the HR as noted in last week’s report vs the 150ppm spec.

This is important feedback data to the optics suppliers (which was transmitted). We are expecting our next set of 1.6 micron optics next week. 

   We observed a very interesting effect with these 1 micron optics. As the wavelength shortens from the initial operation of the FEL Upgrade at 10 microns to the current operation at 1 micron, the sensitivity to angular mis-alignment and motion becomes more sensitive in proportion to the wavelength.  With our initial 1 micron lasing set-up with the usual pulsed lasing the fundamental mode pattern on the mirror was oscillating over a distance approximately equal to the mode size in response to some noise in the optical cavity system.  This behavior disappeared and the mode was stabilized with cw operation. We have no current explanation, but even minor surprises with modestly positive consequences are welcome consequences of R&D and help advance the enterprise.

   After we finish the optical calorimetry we plan to establish the optical power limits of the two installed sets of optics (@ 1 and 1.6 microns) and then repeat with the next 1.6 micron set. These data will provide important confirmation of our model of optical performance in the FEL and essential data for the optics suppliers, in addition to new power records for FELs (or any short pulse, tunable laser) at these wavelengths.

   The Aerospace crew joined us this week (and next) to complete the installation of the Laser Microengineering Station (LMES) in User Lab 4.

Management:

   We continued to review our cost and schedule data to smoothly match the remaining work scope with the remaining FY05 budget.  Wednesday’s UV scheduling meeting also included the next iteration of our planning for the end of summer installation activities.

   This week we were visited by our THz program manager, Mark Cumo, from the Army NVESD, and by Frank Rotondo of the Institute for Defense Analysis in Alexandria.  In a meeting in the break room, the parameters and status of the THz project were presented, and during a laboratory visit, the equipment and capabilities of the laboratory were discussed.  This meeting served primarily as an informational meeting to enable planning recommendations to be made at the agency.

Operations:

   This is a report for both last week and this week.  Hardware problems slowed progress and kept all of us quite busy working out solutions to problems. 
   Last week we lased for the first time with our high power 1.6 micron laser mirrors.  Variation of the mirror heater over a large range showed surprisingly small change in the turn-on time.  The laser turned on to half power in about 10 microseconds.  This indicates that the net gain is on the order of 60%.  The detuning curve was up to 13 microns long, also indicating quite high gain.  For very high mirror heater settings the loss on the mirror shields became quite large indicating that we were spilling light beyond the mirrors.  The sensitivity of the power to the mirror steering initially rose with heater current and then saturated about where the shield heating started.  This indicates that the edge of the mirror can stabilize the mode.  The peak efficiency was about the same as simulations indicate for 1.6 microns, i.e. about 1.4 kW/mA.  This is about 1.3% laser efficiency. 
   On Tuesday we took data on the Streak camera image from the first arc.  The data is being analyzed.  The rest of the week was spent trying to optimize the longitudinal and transverse matches to allow high current energy recovery with the good efficiency that we had achieved.  We also worked on reducing the angular wobble in the mirrors.  This was keeping us from pushing the Rayleigh range as short as possible.  We also spent some time trying to stabilize the  RF phases.  Weekend running was planned but deferred due to problems with a magnet rack.  During lasing at the kW level with the 1.6 micron mirror set, we were able to measure the losses of the 1.6 microns mirrors.  The output coupler showed higher than expected losses that led to a drop in efficiency with current. 
   This week started with a recesiation of the cathode (which went flawlessly).  We then tuned up the beam and obtained lasing with the 1 micron laser mirrors.  We fairly quickly obtained lasing with an efficiency of over 1 kw/mA.   The mirrors seemed quite stable in angle and cavity length, unlike the 1.6 micron mirrors.  The cavity Q of this cavity is quite high, however, the losses for a given output are also high.  We found that the losses, like the 1.6 micron mirrors, were higher than  expected for the output coupler.  They were extremely low for the high reflector.  One possible reason for high losses in both the 1.6 and 1 micron output couplers is transient color centers induced by the coherent harmonics in the UV.  We decided to measure the losses of witness samples upstairs where the third harmonic could be eliminated.  We spent the last two days of the week working on making  these calorimetric measurements.  This involved running for long periods of time with very low charge beam.  Interestingly, the efficiency for a charge of only 35 pC was over 1 kW/mA.  The laser was quite stable, with almost no steering or cavity length drift.   This is good news for potential users of the FEL.

WBS 3 (Beam Physics)

Persistant losses during high current operation with this linac configuration remain the subject of considerable attention. We realized that the reduced linac gain - when tied to very strong lasing - forces a need for less complete energy recovery than we had previously implemented. Specifically, it became apparent that to compress the very large energy spread in the exhaust beam (probably well in excess of 10%) with the available linac RF (only a bit over 100 MeV gain) we would have to decelerate some 18 degrees out of trough and recover to only about 9 MeV. This would, further, need to be accomplished with the downstream arc set to run at some 1.6% (the extraction efficiency) lower in energy than the upstream. 

These changes were introduced, the longitudinal match adjusted to manage losses, and higher currents attempted. We were then limited by transient losses at the front end of the macropulse - cause as yet unclear - and BBU. BBU was addressed by activating the rotator and rematching (the phase trombone just couldn't muscle the threshold high enough without blowing the match, and we figured that if we were going to have to mess with matching, better to be hung for a sheep as a lamb...), which made BBU go away but limited us to 2.5 mA from scraping losses. Oddly, we can slam on full charge at 18 MHz, but can't run any charge at higher rep rates in this configuration. This oddity gives us an opportunity to further tweak, interrogate, understand, and optimize energy recovery dynamics--next week.

 WBS 4 (Injector):

On Monday we re-cesiated the cathode for the third time since it was made back in December 2004. The last re-cesiation was performed on May 31 2005. The cathode delivered around 135 Coulombs for FEL ops during that time. This week's re-cesiation increased the Quantum Efficiency from 1% to 4.5% . 

The construction of the rotation system for coating the gun electrodes in the W&M's plasma chamber is in progress. Most of the components have been fabricated. 

We continued to support the optics group polishing the water-cooled Cu mirror. 

The shield door for the ball cathode was successfully coated this week in the W&M's plasma chamber.

WBS 5 (SRF):

Progress on the 1A cryomodule: 
     Measurements are continuing on the single-cell copper model. We are now doing bead-pull measurements on the modes to verify the strength and polarity of the modes. We are also finishing up a second waveguide end group and a five-cell copper model so we will be able to start multi-cell measurements soon. So far everything appears to agree very well with simulations. We are also nearly ready to try pressing waveguide end groups with a new set of dies that, if successful, could be used to make niobium parts for a cold model. Because the shape is a little more complicated than the CEBAF end group this has to be a two-stage process. 
    Last week we had an internal mini-review of our cryomodule concept and got a lot of useful feedback. No show-stoppers were identified and we made a punch-list of homework items that need to be firmed up by the end of the fiscal year for our conceptual design report. We are close to settling on the final cell shape, we have a candidate that is a slightly tweaked version of our rounded-pillbox profile. It has good accelerating mode impedance and should be resistant to multipacting but we just need to verify that we haven't upset the good HOM damping properties. Once the shape is settled the detailed mechanical and thermal analysis can begin in earnest.
WBS 8 (Instrumentation):

   Efforts continued on adding additional beamviewer camera boxes to the inventory.  Five (5) more cameras have been completed and are awaiting testing. Ten iris boards were delivered to EES to exchange the radiation damaged pixel CCD's. Enough cameras will be produced to complete the UV beam viewer assemblies for the August installation period. Fabrication of additional Lamp rings for these viewer assemblies have also taken place. This week 15 new Diode thermometer boards were built (front panel assembly), tested, numbered and entered into the database. With these boards the 1/4 cryo crate should be able to be completed. Hopefully, testing of this new crate can begin next week. Check prints for the new RTD boards were delivered to EECAD. Once the gerber data is generated, a prototype board will be sent out then testing can begin. The current Diode test box will also be used to test the RTD boards but a new test plan needs to be developed. The software side of the RTD read system is still being worked on and should be completed shortly.
    A new ND2 limit switch bracket, made out of 1/16" stainless steel, was designed for the Drive Laser. The drawings were submitted to the shop for 6 of them. The final drawing package with the alignment procedure for the 3F12 and 2F06 chimney viewers have been put together after studying the initial design and correcting any flaws.  Effort began on the Dahlgren experiment in Lab 2. With the hutch construction near completion, proximity switches were installed on all three entry/exit doors in the new Lab 2 hutch. Wiring diagrams are being generated for all the I/O and LPSS interlocks. The new LPSS is progressing nicely. The first iteration of the new software has been generated but not downloaded to the PLC for testing.
    Phosphor coating of new beamline targets was begun this week also. Four coats of the "fast degenerating" compound have been applied and cycled through baking that many times. The fifth, and final, coat will be applied today and the final baking cycle will be complete. Two "slow degenerating" targets have already been completed and the coating of a target for the main halls will begin next week.

    The first draft mechanical fabrication for the Beam Viewer Crate is underway and nearing completion.  All of the mechanical measurements that impact the PCBs design have been checked and confirmed.  The schematic has been received from EECAD and is ready for production.  The physical layout of the board is coming to a conclusion this week and the Gerber data for quotes is expected early next week.  The layout and schematic have been received for the 4-Ch FEL BPM Electronics as well.  The documentation and design work for this PCB is nearing completion and Gerber data for it should be ready early next week as well.  The initial machining design documentation for the BPM Electronics enclosure is underway.  Several modifications are currently being made, once this is completed the machining work can begin.
    The HR DMA Heater Chassis was troubleshot this week to try and identify why the remote channel select function was not working properly.  The problem was found to be that the Acromag card interfacing EPICS to the Chassis appears to have several bad channels.  This card will be swapped out with a spare when ops permits, until then the DMA Heaters are still functioning via local control and all of the EPICS readbacks are still functioning.
    Successfully tested the EPICS to STI application for the new wiggler. Contacted Steve Gottschalk of STI to start working out the final details of the wiggler controls hand-off.  We have formed a plan on how to make the hand-off smoothly. While the process for automating the Miniphase procedure is being worked out, Matt Stokes is developing the Save and Compare for the WesCam images that was requested. 
WBS 10 (Wigglers):

STI Optronics found that they were not using the servo-motor controls for the permanent magnet wiggler according to manufacturer  recommendations.  This meant that the firmware for the motor controls had to be modified and tested. This added about a week to the delivery.  They are now predicting certification magnet measurements on August 11th and 12th and delivery on August 22nd.  This is in time for installation that week.
WBS 11 (Optics): 

See the highlights for a summary of the calorimetry measurements on the 1 and 1.6 micron optics.  Since the optics team is hard at work on these measurements at press time, their regular weekly report will be included next week’s report

Terahertz:

This week we did a major realignment by removing M2, and by illuminating M3 from the window in lab 3 via M4 with white light.  M4 itself was moved, and after re-installation of M2, we observed a more focused brighter beam of visible synchrotron light at the final window.

